The influences of four levels of GA3 on gladiolus were studied during summer season at the Horticulture farm of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh from May to August 2011. Gibberellic acid and corm size regulated the plant growth and development of spike, corms and cormels. The treatment GA3 @ 150 ppm and corm size 120-125 g was more potential to enhance 80% sprouting of corm and initiation of 80% flowering earlier about 3.74 and 5.87 days, respectively and it also increased number of floret iflorescence -1 and diameter of corm compared to control. In conjugation with GA3 @ 150 ppm and corm size 120-125 g increased the yield of spikes, corms and cormels about 33%, 18% and 14%, respectively compared to control.
Introduction
Gladiolus (Gladiolus grandiflorus) has achieved popularity as a cut-flower in Bangladesh. It is the queen of bulbous flowers due to its flower spikes with pleasant florets of massive form, attractive shapes, varying size and excellent shelf life. In Bangladesh, demand of gladiolus is increasing day by day due to its florets of brilliant color and considerable commercial potential for local as well as export market. Commercial cultivation of gladiolus is gaining popularity in Bangladesh mainly concentrated only in few districts such as Jessore, Jenaidah, Rajshahi and Dhaka. But its commercial production is still at the initial stage due to lack of information regarding its cultivation technology, different factors such as size of corm and cormel, planting time and depth, fertilizer management, use of different chemicals like GA 3 , IAA etc., which influence the production and quality of gladiolus flower as well as its corm and cormels. Bulbous crops are greatly influenced by the bulbs or corms size. Corm is the food-storing underground stem and propagating material of gladiolus. The size of corm highly influences the vegetative growth, development and ultimately the spikes, flowers and corms production (Bose et al. 2003 and Uddin et al. 2002) . Plant growth regulators are the organic chemical compounds which modify or regulate physiological processes in an appreciable measure in plants. The application of plant growth regulators is one of the most important factors in improving the growth, yield and flower quality (Nuvale et al. 2010) . GA 3 enhance the growth, development and yield of gladiolus at different concentrations (Vijai et al. 2007) . Gibberellic acid increases the height of plants, number of flowers and induce early flowering (Taiz and Zeiger 2002) . Keeping view in the above mentioned role of GA 3 and corm size, the present study was undertaken to look into the appropriate concentration of GA 3 for improving floral quality, corm yield and breaking the dormancy of gladiolus corm.
Materials And Method
The experiment was carried out at the Horticulture farm, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during the period from May 2011 to August 2011. The location of the experimental site was at 24.09° N latitude and 90.26°E longitude with an elevation of 8.20 m from sea level. Soil of the experimental field was silty loam in texture under the subtropical climate characterized by heavy precipitation during April to September and scanty precipitation during October to March. Four levels of GA 3 @ 0, 50, 100 and 150 ppm as represented by G 0 , G 1 , G 2 and G 3 were tested on two levels of corm size viz. 80-100 g and 120-125 g as represented by C 1 and C 2 , respectively. Required amount of GA 3 was taken using electronic balance and a stock solution was prepared by dissolving in 1 ml ethanol. Then the stock solution was diluted in distilled water to prepare the working solutions, just before using. Graded corms were soaked in the stock solution for one day and planted in the prepared field in 7 cm depth at furrows on 16 May 2011. The experiment was laid out in Randomized Complete Block Design with three replications. Plot about 0.8 m × 0.8 m in size was raised up to 15 cm where row to row and plant to plant spacing about 20 cm × 20 cm was maintained. Fertilizers were applied @ 100, 300, 300 and 10000 kg ha -1 for urea, TSP, MP and cowdung, respectively and, intercultural operations were furnished for proper growth and development of the crop according to BARI (2011) . Harvesting of spikes was done on 3 to 20 August 2011 when basal florets showed colors while corm and cormel were harvested on 10 December 2011. Ten plants were randomly selected from each unit plot for collecting data on days to 80% sprouting of plant, plant height, days to 80% flowering, length of spike, length of rachis, number of floret inflorescene -1 , diameter of corm, weight of single corm, and yield of spikes, corms and cormels ha -1 were collected. The mean values of all the parameters were analyzed by analysis of variance and means separation was estimated by Duncan's Multiple Range Test (DMRT) at 5% level of probability.
Results and discussion A. Days to 80% sprouting GA 3 significantly accelerated the sprouting of corm. Among the concentrations; GA 3 @ 150 ppm was more effective than others on 120-125 g corm size (Table 1) . Large corm enhance to early sprouting by breaking dormancy. This might be occur because of larger ones having higher amount of food component that helps to early emergence of plant. Ii is reported that large corm had comparatively shorter dormancy period than small ones which helps to quick emergence of plant (Bhat et al. 2009 and Kareem et al. 2013) . Corm treated with GA 3 @ 150 ppm was highly effective over others treated corm in inducing early sprouting. This might be attributed to optimum level of GA 3 received by corms, which might changes the physiological processes that influence favorably in breaking the dormancy of corms. Other premises might be that, GA 3 causes alteration of hormonal balance and inducing the formation of hydrolytic enzymes which regulates the mobilization of reserve food material resulting early sprouting. These results are in agreement with the findings of (Ogale et al. 2000 , Kirad et al. 2001 , Amin et al. 2013 and Neetu et al. 2013 where they reported that, plant growth regulators-GA 3 definitely imposing the early sprouting by breaking dormancy and increases respiration in gladiolus corms.
B. Plant height
Gradual increasing trend in plant height was significantly influenced by GA 3 on corm size 120-125 g (Table 1 ). Comparatively large size corm produced the highest plant height and this might be occur due to higher food material storage reserves in larger corm than smaller ones, that ensuring the nutrient elements adequately for early and rapid vegetative growth of newly emergence plants. It was also reported that, large size corm produced the highest plant height through the supply of maximum nutrient elements adequately for newly emerge plants (Bhat et al. 2009 , Hossian et al. 2011 and Kareem et al. 2013 . Plant height increases significantly with the increases of GA 3 upto 150 ppm concentration that was more effective than other treatments. It might be occurs due to application of optimum doses of GA 3 that helps to regulate the vegetative growth by inducing active cell division in the apical meristem. GA 3 enhances cell division and cell elongation in plants resulting in more number of cells and increase in cell length which ultimately affects the plant growth. This result is in agreement with the findings of (Sharma et al. 2004 , Rana et al. 2005 , Bhalla and Kumar 2008 , Awasthi et al. 2012 , Chopde et al. 2012 , Dogra et al. 2012 and Sudhakar and Kumar 2012 where they reported that, the growth parameters of gladiolus plants were significantly altered due to the application of growth regulators.
C. Days to 80% flowering
Different levels of GA 3 and corm size significantly influenced on 80% flowering of gladiolus (Table 1) . Minimum days required for 80% flowering was in large size corm whereas smaller ones takes comparatively more times. It might be occurs because of large size corm reserves more food and supplying more storage nutrients in the corm, that initially helps the plant for growth and development which ultimately affect on the flowering. Similar findings were also found by (Uddin et al. 2002 and Bhat et al. 2009 , Sudhakar and Kumar 2012 where they reported that, time taken to complete flowering was found to be delayed gradually with the decreases in corm size and, there was direct relationship between corm size and the floral parameters of gladiolus. Flowering was delayed in those plants where GA 3 was not applied and take maximum times. GA 3 @ 150 ppm performed more effectively on flowering than other concentrations which was statistically similar with GA 3 @ 100 ppm. Optimum doses of GA 3 enhance flowering by 5.87 days earlier with corm size 120-125 g (Table 1 ). This is might be regulating effect of increased vegetative growth in early phase due to increased photosynthesis and Co 2 fixation. Further exogenous application of GA 3 influences early floral initiation. It was also reported by (Jana and Biswas 2003 , Sharma 2004 , Panwar et al. 2006 , Devadanam et al. 2007 , Dogra et al. 2012 and Sudhakar and Kumar 2012 where they stated that, Gibberellic acid promotes vegetative growth and increases the photosynthetic and metabolic activities causing more transport and utilization of photosynthetic products resulting early flowering in gladiolus.
D. Length of spike and rachis
Length of spike and rachis were significantly affected by GA 3 and corm size ( Table 1 ). The highest spike and rachis length was in large size corm with the application of GA 3 @ 150 ppm. This might be due to the higher amount of stored food material from large corm which promotes the vegetative and reproductive growth of gladiolus. Similar results were also reported by (Mollah et al. 1995) where they stated that, higher food materials in the large corm which resulted in better vegetative and reproductive growth of the plant. Spike length and rachis length were increases significantly by applying GA 3 and this might be occurs because of GA 3 encourage vegetative growth, enhances the photosynthetic and metabolic activities, causing taller plant that provide taller spike and rachis (Table 1) . This findings are agreement with (Sanap et al. 2000 , Barman and Rajni 2004 , Al-Khassawreh et al. 2006 , Bhalla and Kumar 2008 , Mayoli et al. 2009 and Dogra et al. 2012 ).
E. Number of florets inflorescene -1
Number of florets inflorescene -1 was affected significantly by the application fo GA 3 and corm size. Large size corm produced maximum number of florets inflorescene -1 (Table 1) . It might be due to large size corm reserves more food and supplying more storage nutrients in the corm, that initially helps to vigorous growth and enhance to produce maximum florets inflorescene -1 . Similar findings were also reported by (Uddin et al. 2002 , Bhat et al. 2009 , Memon et al. 2009 and Kareem et al. 2013 where they stated that, number of floret inflorescence -1 was reduced significantly with decreasing the size of corm. Different levels of GA 3 significantly affect the number of florets inflorescene -1 . The highest number of florets inflorescene -1 was in the plant treated with GA 3 @ 150 ppm (Table 1) . Gibberellic acid enhances cell division, cell elongation and rapid development and its effect might have on vegetative growth and also on floral initiation. This result is in agreement with the findings of (Barman and Rajni 2004 , Patel et al. 2010 , Chopde et al. 2012 , Sudhakar and Kumar 2012 and Neetu et al. 2013 ). F. Diameter of corm Different levels of GA 3 significantly increased the diameter of corm with 120-125 g corm size ( Table 2) . Corm of maximum diameter generally produced from large size corm because larger ones having higher amount of food component that helps to vigorous growth of plant and attributed to larger corm size. Amin (2013) also reported that, maximum diameter of corms was produced by large size cormels. Among the treatments, GA 3 @ 150 ppm was more effective to enhance diameter of corm but it was statistically similar with the application of GA 3 @100 ppm (Table 2) . Lahiji (2013) also found the similar result where he reported that, growth regulator gibberellic acid significantly increased corm diameter characters.
G. Weight of single corm
Corm size and GA 3 showed a significant variation in respect of single corm weight. The highest weight of single corm was derived from large size corm. Corm size 120-125 g with the combination of GA 3 @ 150 ppm increases the single corm weight about 59% compared to treated plants with GA 3 @ 100 ppm (Table 2) . Large size corms reserve more amount of food component that helps to healthy growth and development of corm. It was also reported by (Bhat et al. 2009 , Hossian 2011 and Amin 2013 ) that, maximum corms weight was produced by large size corm. Among the doses of GA 3 , concentration @ 150 ppm was most effective and produced highest weight of single corm. This results are agreement with the findings of Lahiji 2013.
H. Yield of spikes, corms and cormels
Spikes, corms and cormels yield significantly increased in respect of corm size and GA 3 application. Yield of spikes, corms and cormels was increased about 29%, 15% and 13%, respectively by 120-125 g size corm compared to smaller one. On the other hand, application of GA 3 @ 150 ppm increased the yield of spikes, corms and cormels significantly about 33%, 17% and 14%, respectively with 120-125 g size corm compared with control (Table 2 ). This might be due to availability of more nutrients reserved on larger corm and plants take this opportunity to consume more food during vegetative and reproductive stage of plant. Healthy plants increases the rate of photosynthesis and helps to translocation of assimilates to the storage food component and ultimately plant produces highest yield of spikes, corms and cormels. This result is in agreement with the findings of (Uddin et al. 2002 and Bhat et al. 2009 ) incase of spikes, corms and cormels yield by corm size. Foliar application of GA 3 @ 100 ppm was most effective to obtain early flowering and highest yield of good quality spikes and corm of gladiolus (Sudhakar and Kumar 2012 and Rana et al. 2005) . 
Conclusion
Vegetative, floral and yield characters of gladiolus was affected significantly by the application of GA 3 and corm size. Corm size of 120-125 g contributed meaningful result in the growth pattern, flower and corm yield. Among the treatments of GA 3 , concentration @ 150 ppm with 120-125 g corm size was more effective for spikes and corms yield during the summer season.
